The effect of patient-controlled analgesia during the emergency phase of care on the prevalence of persistent pain is unkown. We studied individuals with traumatic injuries or abdominal pain 6 months after hospital admission via the emergency department using an opportunistic observational study design. This was conducted using postal questionnaires that were sent to participants recruited to the multi-centre pain solutions in the emergency setting study. Patients with prior chronic pain states or opioid use were not studied. Questionnaires included the EQ5D, the Brief Pain Inventory and the Hospital Anxiety and Depression scale. Overall, 141 out of 286 (49% 95%CI 44-56%) patients were included in this follow-up study. Participants presenting with trauma were more likely to develop persistent pain than those presenting with abdominal pain, 45 out of 64 (70%) vs. 24 out of 77 (31%); 95%CI 24-54%, p < 0.001. There were no statistically significant associations between persistent pain and analgesic modality during hospital admission, age or sex. Across both abdominal pain and traumatic injury groups, participants with persistent pain had lower EQ5D mobility scores, worse overall health and higher anxiety and depression scores (p < 0.05). In the abdominal pain group, 13 out of 50 (26%) patients using patient-controlled analgesia developed persistent pain vs. 11 out of 27 (41%) of those with usual treatment; 95%CI for difference (control -patient-controlled analgesia) −8 to 39%, p = 0.183. Acute pain scores at the time of hospital admission were higher in participants who developed persistent pain; 95%CI 0.7-23.6, p = 0.039. For traumatic pain, 25 out of 35 (71%) patients given patient-controlled analgesia developed persistent pain vs. 20 out of 29 (69%) patients with usual treatment; 95%CI −30 to 24%, p = 0.830. Persistent pain is common 6 months after hospital admission, particularly following trauma. The study findings suggest that it may be possible to reduce persistent pain (at least in patients with abdominal pain) by delivering better acute pain management. Further research is needed to confirm this hypothesis.
Introduction
Pain is the commonest reason for presentation to the emergency department (ED) [1] . Two common diagnostic groups are patients with traumatic injury and nontraumatic abdominal pain. These patients frequently experience severe acute pain that is often managed in the ED with opioid analgesics [2, 3] . Although pain scores usually reduce after discharge from hospital, 21% of individuals experience persistent pain [4] . In the postoperative setting, an adverse 'pain trajectory' has been correlated with persistent postoperative pain, and it is reasonable to suspect that this might also predispose to persistent pain in the ED patient population [5] .
Persistent pain may be defined as pain continuing beyond the expected time of healing, usually 3-6 months [6] .
Persistent pain following surgery is common in the general population [7, 8] . The incidence of significant persistent postoperative pain for all operation types is 11.8% at 1 year [9] . Persistent non-cancer pain is correlated with poor mental health, loss of employment and a poor quality of life [10] .
The transition from acute to persistent pain has been less well investigated after trauma or following an episode of acute abdominal pain. Following traumatic injury, persistent pain is common, with 44% of patients reporting accident-related pain 3 years later in one prospective study [11] . Little is known about the development of persistent abdominal pain after the initial presentation. Recurrent or chronic abdominal pain is common in children, occurring in up to one-fifth of individuals [12] . In adults, abdominal and pelvic pain are also frequent. The monthly prevalence and incidence rates of chronic pelvic pain are 21.5/1000 and 1.58/1000, respectively, with an annual prevalence of 38.3/1000 [13] .
There are multiple risk factors for the progression from acute to persistent pain [14] . These include: type of injury; surgery or other pathology (nerve injury, tissue trauma and inflammation are all important); and a number of patientspecific factors including: sex; age; genetics; anxiety; depression and abnormal coping responses [11, 15] . The presence of severe acute postoperative pain consistently correlates with the development of persistent postoperative pain [16] . It is possible that improved pain relief in the acute phase following a traumatic injury or during an episode of non-traumatic abdominal pain may reduce the frequency of persistent pain 6 months later.
We have demonstrated that patient-controlled analgesia (PCA) results in improved analgesia in the short term for patients admitted with abdominal pain to hospital via the ED [3] . The impact of PCA on the incidence of persistent pain is unknown. The aim of this study was to determine whether PCA use in the first 12 h of care alters the prevalence of persistent pain 6 months later for this group of patients. Secondary aims were to assess the impact of persistent pain on mental health and quality of life. This is the first study to investigate the incidence of persistent pain in a population without pre-existing pain or opioid use, and may suggest hypotheses for future research into its prevention after trauma or acute abdominal pain.
Methods
This was an opportunistic observational study. The study sample was drawn from participants enrolled in the pain standardised to a score from 0 to 100 units [17] . Acute pain at the time of hospital admission was measured over 12 h as described above, and quality of life was measured using the EQ5D. Anxiety and depression were assessed using the hospital anxiety and depression scale (HADS). Scores of ≥ 8/21 on either the anxiety or depression subscale of the HADS were clinically significant.
Questionnaire booklets were sent to study participants recruited at three centres 6 months after admission to hospital. If no reply was received within 2 weeks, a second questionnaire pack was sent. If no reply was received to the second questionnaire pack, the participants were contacted by telephone and a third pack was sent.
The primary outcome measure was the presence of pain at 6 months. This was defined as a positive answer to the question: 'Do you continue to experience pain which you attribute to the injury or episode of abdominal pain you experienced approximately 6 months ago, when you attended the Emergency Department?'. Persistent pain was assessed using the Brief Pain Inventory (BPI). Significant persistent pain was defined as average pain ≥ 4 or worst pain ≥ 8.
The proportion of participants with significant persistent pain at 6 months was calculated and compared between randomised groups (control or PCA, on intentionto-treat basis), overall and separately for each group (abdominal pain or trauma), using tests of proportions at the 5% significance level and corresponding 95%CI. As this was an exploratory follow-up study, no adjustments were made for multiple testing.
The hypothesis was that use of PCA to manage an episode of acute non-traumatic abdominal pain or pain from traumatic injury would result in a reduction in the risk of significant persistent pain 6 months later. Secondary aims were to assess the impact of acute pain on the prevalence of significant persistent pain at 6 months. We also assessed the impact of persistent pain on quality of life measures, and compared the levels of anxiety and depression in patients with and without significant persistent pain following an acute pain episode.
Results
The response rate was 141/286 (49%); 95%CI 43-55% (Table 1) , and the diagnostic categories of participants are listed in Table 2 
No.
Participants recruited to primary study [17] 294
Participants not included in this study 8
Participants contacted 286
Usable questionnaires returned 141
Total questionnaires sent 492
Returned after initial post 85
Returned after first chase 59
Total phone calls made 57
Returned after phone calls 0 No.
Abdominal pain diagnosis Gall bladder pathology 15
Renal pathology (stone passed) 13
Bowel pathology 12
Abdominal pain (NOS) 12
Pancreatic pathology 6
Other abdominal pain 6
Appendix pathology 5
Gynaecological pathology 4
Oesophagitis/gastritis 2
Renal pathology (NOS) 2 Trauma diagnosis
Lower limb fracture 29
Multiple injuries 9
Pelvic bony injury 7
Spinal injury 6
Chest wall injury 5
Upper limb fracture 4
Other trauma 4 NOS, not otherwise specified 
Discussion
This study has demonstrated the significant burden of persistent pain following admission to hospital with pain due to traumatic injuries or non-traumatic abdominal pain.
This is the first study designed to investigate the incidence of persistent pain in an ED patient population without preexisting pain problems, and to characterise that pain and impact on well-being.
The response rate was 49% by the end of data collection. Sixty percent of the useable questionnaires were received after the first posting and 40% after the second. Participants presenting with pain due to traumatic injuries frequently suffer persistent pain, but there appears to be a lack of correlation between the severity of acute pain and persistent pain prevalence in this group. This finding warrants further study.
